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Everyday, Interior Department agencies must make complex land
management decisions, often with uncertain or incomplete information.
Adaptive management offers a tool consistent with the President’s vision
of Cooperative Conservation to help agencies make better decisions in this
context of uncertainty while agencies are accumulating more information.
This U.S. Department of the Interior Technical Guide provides technical
guidance for using adaptive management in decision making. It represents
an important step in the Department’s efforts to collaboratively engage part-
ners in the conservation and management of our nation’s natural resources.

As this Guide demonstrates, adaptive management is useful in
addressing many important resource management issues. The U.S.
Department of the Interior Technical Guide includes case studies, such as
the Bureau of Reclamation’s management of Glen Canyon Dam and the U.S.
Fish and Wildlife Service’s determination of annual waterfowl harvests, to
demonstrate how adaptive management can be applied.

Adaptive management as described in this document can be especially
valuable in achieving the Department’s stewardship goals. I am encouraged by the emphasis on science and improved
decision making over time. The joint focus on learning and management promotes a process that focuses on goals and
engages interested citizens in the decision making process.

The document sets a high standard for natural resource management in DOI, providing a general management
framework that can be tailored to specific agency resource and partnership arrangements. The U.S. Department of the
Interior Technical Guide will be a key component of the Department’s adaptive management training program and Web
site. In this way, new challenges, such as the recovery of the Gulf of Mexico region from hurricane damage, may also
benefit from adaptive management.

DIRK KEMPTHORNE
Secretary of the Interior
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This guide is the result of efforts by the U.S. Department of the Interior (DOI) Adaptive Management Working

Group (AMWG) to develop protocols and information products for the application of adaptive management within DOI.

Members of the AMWG included representatives from all the Department agencies, as well as the Solicitor’s Office
and the Office of the Assistant Secretary for Policy, Management, and Budget (PMB). The Assistant Secretary — PMB
chaired the group, which met periodically over 18 months.

The AMWG was tasked specifically with producing guidelines for adaptive management, initiating a web site to
provide additional information and applications of adaptive management by DOI bureaus and offices, and developing a
training program to acquaint executives, managers, and field practitioners with the practice and implications of adap-
tive management. In particular, the AMWG was to develop a document that would define adaptive management and
describe conditions for its implementation. This technical guide is a direct result of efforts to meet these needs.

To produce the guide, writing teams consisting of AMWG members and other participants from DOI bureaus
and offices addressed four basic questions: What is adaptive management? When should it be used? How should it be
implemented? And how can its success be recognized? The documents produced by these teams were integrated into a
draft technical guide, which was distributed throughout DOI for review. Over 300 comments were returned to the lead
authors, who responded to each comment in producing a final draft.

The AMWG struggled throughout this process to describe adaptive management at an appropriate level of technical
detail, while remaining focused on its definition, operational components, and conditions in which it applies. There is
considerable ambiguity about all these issues within DOI, and a key challenge for the AMWG was to provide sufficient
detail for clarification while limiting the length and complexity of the document. This challenge was made more
difficult by the large range of expertise and experience within DOI, and the often strongly expressed recommendations
by participants to craft a document that would focus on specific organizational needs. From the outset, it was clear to
the writing team that no one document could be all things to all people. The hope is that each of the bureaus will find
in this guide a useful framework on which to develop its own handbook, tailored more specifically to bureau resource
responsibilities and institutional arrangements.
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The following key can help in dissecting a particular management problem and determining whether adaptive

management is an appropriate approach to decision making. If the answer to any question in the key is negative, then an
approach other than adaptive management is likely to be more appropriate.

1.

Is some kind of management decision to be made?

(see Sections 1.1, 2.1, 2.3, 3.1, and 5.5)

No — decision analysis and monitoring are unnecessary when no decision options exist.
Yes — go to step 2.

Can stakeholders be engaged?

(see Sections 1.1, 1.2, 2.1, 3.1, and 4.2)

No — without active stakeholder involvement an adaptive management process is unlikely to be effective.
Yes — go to step 3.

Can management objective(s) be stated explicitly?

(see Sections 1.2, 2.1,2.2,2.3,3.1,4.2 and 5.1)

No — adaptive management is not possible if objectives are not identified.
Yes — go to step 4.

Is decision making confounded by uncertainty about potential management impacts?
(see Sections 1.1, 1.2,2.1,3.1,4.1,4.2 and 5.2)

No — in the absence of uncertainty adaptive management is not needed.

Yes — go to step 5.

Can resource relationships and management impacts be represented in models?

(see Sections 1.2, 3.1,4.2, and 5.1)

No — adaptive management cannot proceed without the predictions generated by models.
Yes — go to step 6.

Can monitoring be designed to inform decision making?

(see Sections 2.1, 2.3, 3.1, and 4.2)

No — in the absence of targeted monitoring it is not possible to reduce uncertainty and improve management.
Yes — go to step 7.

Can progress be measured in achieving management objectives?

(see Sections 1.1, 3.1, 4.1, and 4.2)

No — adaptive management is not feasible if progress in understanding and improving management is
unrecognizable.

Yes — go to step 8.

Can management actions be adjusted in response to what has been learned?

(see Sections 1.2,2.1,3.1,4.1,4.2,5.3,and 5.4)

No — adaptive management is not possible without the flexibility to adjust management strategies.
Yes — go to step 9.

Does the whole process fit within the appropriate legal framework?

(see Sections 2.3,2.4,3.2,4.1, and 4.2)

No — adaptive management should not proceed absent full compliance with the relevant laws, regulations,
and authorities.

Yes — all of the basic conditions are met, and adaptive management is appropriate for this problem.
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The purpose of this technical guide is to present an operational definition of adaptive management, identify the
conditions in which adaptive management should be considered, and describe the process of using adaptive manage-
ment for managing natural resources. The guide is not an exhaustive discussion of adaptive management, nor does it
include detailed specifications for individual projects. However, it should aid U.S. Department of the Interior (DOI)
managers and practitioners in determining when and how to apply adaptive management.

Adaptive management is framed within the context of structured decision making, with an emphasis on uncertainty
about resource responses to management actions and the value of reducing that uncertainty to improve management.
Though learning plays a key role in adaptive management, it is seen here as a means to an end, namely good manage-
ment, and not an end in itself. The operational definition used in the guide is adopted from the National Research
Council, which characterizes adaptive management as an iterative learning process producing improved understanding
and improved management over time:

Adaptive management [is a decision process that] promotes flexible decision making that can be
adjusted in the face of uncertainties as outcomes from management actions and other events become
better understood. Careful monitoring of these outcomes both advances scientific understanding and
helps adjust policies or operations as part of an iterative learning process. Adaptive management also
recognizes the importance of natural variability in contributing to ecological resilience and productivity.
It is not a ‘trial and error’ process, but rather emphasizes learning while doing. Adaptive management
does not represent an end in itself, but rather a means to more effective decisions and enhanced benefits.
Its true measure is in how well it helps meet environmental, social, and economic goals, increases
scientific knowledge, and reduces tensions among stakeholders.

Adaptive management as defined here involves ongoing, real-time learning and knowledge creation, both in a
substantive sense and in terms of the adaptive process itself. It is described in what follows in a series of 9 steps, as
summarized in section 4.1, involving stakeholder involvement, management objectives, management alternatives,
predictive models, monitoring plans, decision making, monitoring responses to management, assessment, and adjust-
ment to management actions. An adaptive approach actively engages stakeholders in all phases of a project over its
timeframe, facilitating mutual learning and reinforcing the commitment to learning-based management. Adaptive
management in DOI is implemented within a legal context that includes statutory authorities such as the National
Environmental Policy Act (NEPA), the Endangered Species Act, and the Federal Advisory Committee Act.

For many important problems now facing the resource management community, adaptive management holds great
promise in reducing the uncertainties that limit the effective management of natural resource systems. For many conser-
vation and management problems, utilizing management itself in an experimental context may be the only feasible way
to gain the system understanding needed to improve management.

Though it is commonly thought that an adaptive approach can produce results quickly at low cost, the opposite is
more likely to be true. An initial investment of time and effort will increase the likelihood of better decision making and
resource stewardship in the future, but patience, flexibility, and support are needed over the life of an adaptive manage-
ment project. For these reasons it is important to carefully consider the potential use of an adaptive approach, and to
engage in careful planning and evaluation when adaptive management is used.

vii
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Adaptive management is a systematic approach
for improving resource management by learning from
management outcomes (1). Its origin can be traced back
to ideas of scientific management pioneered by Frederick
Taylor in the early 1900s (2,3). Various perspectives
on adaptive management are rooted in parallel concepts
found in business (total quality management and learning
organizations [4]), experimental science (hypothesis
testing [5]), systems theory (feedback control [6]),
and industrial ecology (7). The concept has attracted
attention as a means of linking learning with policy and
implementation (8,9). Although the idea of learning from
experience and modifying subsequent behavior in light of
that experience has long been reported in the literature,
the specific idea of adaptive management as a strategy for
natural resource management can be traced to the seminal
work of Holling (10), Walters (11), and Lee (12).

Adaptive management as described here is
infrequently implemented, even though many resource
planning documents call for it and numerous resource
managers refer to it (13). It is thought by many that
merely by monitoring activities and occasionally
changing them, one is doing adaptive management.
Contrary to this commonly held belief, adaptive manage-

ment is much more than simply tracking and changing
management direction in the face of failed policies,

and, in fact, such a tactic could actually be maladaptive
(14). An adaptive approach involves exploring alterna-
tive ways to meet management objectives, predicting

the outcomes of alternatives based on the current state
of knowledge, implementing one or more of these
alternatives, monitoring to learn about the impacts of
management actions, and then using the results to update
knowledge and adjust management actions (15). Adaptive
management focuses on learning and adapting, through
partnerships of managers, scientists, and other stake-
holders who learn together how to create and maintain
sustainable resource systems (3).

The purpose of this technical guide is to present an
operational definition of adaptive management, identify
the conditions in which adaptive management should be
considered, and describe the process of using adaptive
management for managing natural resources. The guide is
not an exhaustive discussion of adaptive management,
nor does it include detailed specifications for individual
projects. However, it should aid both U.S. Department of
Interior (DOI) managers and practitioners in determining
when and how to apply adaptive management.

Examp/ey af decision mm(inj in natural resource
management include the control of water releases
from a dam, divect manipu/aﬁon of, /J/anf or
animal, popu/afiom‘ fﬁm»gﬁ Mr‘ueyfinﬂ, yfocéinj,
or fmmp/anfi@, and’ mam’/m/afiom of ecosystems
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1.1. Decision Making and Natural
Resource Management

A context for resource management involves a deci-
sion making environment characterized by multiple (often
competing) management objectives, constrained manage-
ment authorities and capabilities, dynamic ecological and
physical systems, and uncertain responses to management
actions. Management thus involves not only predicting
how ecological or physical systems are likely to respond
to interventions, but also identifying what management
options are available, what outcomes are desired, how
much risk can be tolerated, and how best to choose among
a set of alternative actions. The challenge confronting
managers is to make “good” decisions in this complex
environment, recognizing that the quality of decision
making in the face of uncertainty should be judged by
the decision making process as well as progress towards
desired outcomes.

A common problem in natural resources management
involves a temporal sequence of decisions, in which the
best action at each decision point depends on the state
of the managed system. Because management actions at
each point in time can influence change in the resource
system from that time forward, the goal of management
is to prescribe objective-driven strategies that account for
both the current and future impacts of decisions. A key
issue is how best to choose management actions, recog-
nizing that the most appropriate management strategy is
obscured by limited understanding.

Often the uncertainty about management impacts
is expressed as disagreements among stakeholders who
have differing views about the direction and magnitude of
resource change in response to management. An adaptive
approach explicitly articulates these viewpoints, incor-
porates them into the decision making process, and uses
management itself to help identify the most appropriate
view about resource dynamics. In this way, understanding
of the resource can be enhanced over time, and manage-
ment can be improved.

Examples of this kind of decision problem include
the control of water releases from a dam, direct manipula-
tion of plant or animal populations through harvesting,
stocking, or transplanting, and manipulations of ecosys-
tems through chemical or physical changes to habitats.

The following management issues exemplify sequential
decision making in natural resources in the face of
uncertainty:

* In a newly established meta-population of wolves, how
many animals (if any) should be relocated periodically
to maximize the probability that the meta-population
will persist over the long term?

* What amount and timing of water release from a dam
will maintain downstream water quality, water quantity,
and living resources, including people and communities?

* How can an area be managed to minimize the impacts of
recreational use on flora and fauna?

* When and how much should water levels be raised or
lowered in an impoundment to maximize abundance and
availability of invertebrates for foraging shorebirds?

* How can plant communities in an area be managed so
as to protect and sustain archeological resources in the
area at minimum cost?

* How much forest should be cut each year as part of a
pine regeneration program to maximize old-growth pine
for use by red-cockaded woodpeckers?

* How can fuel loads be decreased while minimizing
effects on forested ecosystems?

* Should annual hunting-season regulations be restrictive
or moderate to maximize the longterm cumulative
harvest of mallards?

* How much and how often should herbicide be applied to
minimize the proliferation of the invasive plant hydrilla
in a group of southern lakes?

* In what order should patches of isolated bull trout
habitat be reconnected in a network of tributaries to
maximize the probability of population persistence while
minimizing costs?

* When and where should prescribed burns be used in a
collection of management units to maximize the prob-
ability that Florida scrub-jays will persist at a refuge
over the long term?



Management of problems like these increasingly
involves a systems approach with explicit and agreed-
upon objectives, management alternatives, and analytical
approaches that can identify the most appropriate
management strategies. Adaptive management exempli-
fies such an approach; however, its focus is not only on
making good decisions in the present, but also on gaining
experience and knowledge so that future management
decisions can be improved.

Adaptive management as an example
of structured decision making

The move toward accountability and explicitness
in natural resource management has led to a growing
need for a more structured approach to decision making.
Improved clarity about key elements in a decision making
process can help decision makers focus attention on
what, why, and how actions will be taken. Activities in
a structured approach to decision making include the
following:

* Engaging the relevant stakeholders in the decision
making process

* Identifying the problem to be addressed

* Specifying objectives and tradeoffs that capture the
values of stakeholders

* Identifying the range of decision alternatives from
which actions are to be selected

* Specifying assumptions about resource structures
and functions

* Projecting the consequences of alternative actions
* Identifying key uncertainties

* Measuring risk tolerance for potential consequences
of decisions

* Accounting for future impacts of present decisions
* Accounting for legal guidelines and constraints

In the ensuing chapters it will be clear that adaptive
management is itself a structured approach to decision
making, in that it includes the key elements listed above.
The distinguishing features of adaptive management are
its emphasis on sequential decision making in the face of
uncertainty and the opportunity for improved manage-

ment as learning about system processes accumulates
over time.

Embracing uncertainty

Making a sequence of good management decisions is
more difficult in the presence of uncertainty, an inherent
and pervasive feature of managing ecological systems
(16,17). Uncertainties arise with incomplete control of
management actions, errors in measurement and sampling
variation, environmental variability, and an incomplete
understanding of system dynamics (see Section 5.2).
These uncertainties potentially degrade management
performance and contribute to acrimony in the decision
making process.

Perhaps not surprisingly, managers have some-
times been reluctant to acknowledge uncertainty in
environmental assessments and management strategies
(18). Often there is a perception that asserting certainty
as to management impacts is more convincing, and
acknowledging uncertainty increases the likelihood that
recommended actions will be ignored. Acknowledgement
of uncertain management outcomes is sometimes seen as
an invitation for confrontation among different interest
groups, resulting in an inability to reach timely agreement
on a proposed action.

Adaptive management forces stakeholders to confront
unresolved uncertainties that can significantly influence
management performance. An adaptive approach provides
a framework for making good decisions in the face of
critical uncertainties, and a formal process for reducing
uncertainties so that management performance can be
improved over time.
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Resource management involves decision making in
an environment of multiple management objectives,
constrained management authorities and capabilities,
dynamic resource systems, and uncertain responses to
management actions.

7
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Resource management increasingly involves the
articulation of objectives and management options
and the use of analytical techniques to identify
optimal management strategies.

7
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Adaptive management is a structured approach to
decision making that emphasizes accountability and
explicitness in decision making.

Adaptive management is useful when there is
substantial uncertainty regarding the most appropriate
strategy for managing natural resources.

7
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1.2. Operational Definition of
Adaptive Management

For the U.S. Department of the Interior to effectively
implement adaptive management in a consistent and
coherent manner across all bureaus, an operational defini-
tion is needed that will be applicable for all of DOI. The
definition used in this technical guide is adopted from the
National Research Council (19):

Adaptive management [is a decision process that]
promotes flexible decision making that can be
adjusted in the face of uncertainties as outcomes
from management actions and other events become
better understood. Careful monitoring of these
outcomes both advances scientific understanding
and helps adjust policies or operations as part of
an iterative learning process. Adaptive manage-
ment also recognizes the importance of natural var
ability in contributing to ecological resilience and
productivity. It is not a ‘trial and error’ process, but
rather emphasizes learning while doing. Adaptive
management does not represent an end in itself,
but rather a means to more effective decisions and
enhanced benefits. Its true measure is in how well
it helps meet environmental, social, and economic
goals, increases scientific knowledge, and reduces
tensions among stakeholders.

This definition gives special emphasis to uncertainty
about management impacts, iterative learning to reduce
uncertainty, and improved management as a result of
learning. Key points in the definition are discussed in
more detail below:

Adaptive management openly acknowledges uncertainty
about how ecological systems function and how they
respond to management actions (20,21). However, adap-
tive management is not a random trial-and-error process.
Instead, it involves formulating the resource problem,
developing conceptual models based on specific assump-
tions about the structure and function of the resource
system, and identifying actions that might be used to
resolve the problem. Through the monitoring of outcomes
following management interventions, adaptive manage-
ment promotes improved understanding about which
actions work, and why.

Adaptive management is designed to improve under-
standing of how a system works, so as to achieve
management objectives (20,21). Models are used in
adaptive management to embed hypotheses about system
behaviors and enable managers to predict the impacts of
their activities. These predictions are the basis for learn-
ing later on. Once activities are implemented, the testing
of underlying model assumptions against monitoring data
provides the foundation for learning and the improvement
of management based on what is learned.

Adaptive management is about taking action pursuant
to desired outcomes (21). In adaptive management, the
outcomes of decisions, assessed through followup moni-
toring, are compared against explicit predictions of those
outcomes (20), with the comparative results fed back
into decision making to produce more effective decision
making (11,22,23,24). Actual and expected results can
differ for many reasons: underlying assumptions are
wrong, actions are poorly executed, environmental condi-
tions have changed, monitoring is inadequate, or some
combination of these problems. An adaptive approach
helps isolate inadequacies in a management application,
allowing adjustments to be made and management to be
improved.

Adaptive management requires the participation of
stakeholders. Stakeholders include people and organiza-
tions who use, influence, and have an interest, or “stake,”
in a given resource (25). Stakeholders should be involved
early in the adaptive management cycle, to help assess
the problem and design activities to solve it. Stakeholders
also can help to implement and monitor those activities,
and participate in the evaluation of results. Involvement



of stakeholders from the beginning increases management
effectiveness and the likelihood of achieving agreed-upon
outcomes (25).

There are many definitions in the literature on
adaptive management, but a common theme shared by
them all is that adaptive management is a learning-based
process (26). The definition used in this guide was chosen
because it emphasizes the use of learning to improve
management decisions and because it is germane to
resource management in DOI. The sequence of activities
shown in Fig. 1.1 is often used to characterize adaptive
management. Additional structure can be incorporated
into this sequence, by recognizing an embedded feedback
loop of monitoring, evaluation, and management adjust-
ments that focuses specifically on learning about the
impacts of management. Multiple iterations of this loop
may occur within each iteration of the overall cycle,
accelerating learning about ecological process within the
more comprehensive cycle that includes learning about
the adaptive process itself (through periodic problem
reassessment, design, and implementation). Learning at
both levels is discussed in more detail in Section 3.1.

Assess problem

Figure 1.1. Diagram of the adaptive management process.



Other approaches to resource management

Learning from the experience of management
is certainly not a new idea, but the purposeful and
systematic pursuit of knowledge as an explicit part of
management has rarely been practiced. The term “adap-
tive management” has been used to describe a broad array
of approaches that involve learning while doing, but the
phrase is not always appropriate. For example, manage-
ment by trial and error is sometimes described as adaptive
management, but at best it is likely to be inefficient, and
at worst it can retard the institutionalization of experi-
ence and learning. Nor should adaptive management be
confused with conflict resolution, which focuses on nego-
tiating tradeoffs among competing interests. Management
approaches that primarily depend on expert opinion and
advice for decision making are not by themselves adap-
tive. Finally, in the absence of additional structure in a
decision making process, monitoring a managed resource

High Scenario Adaptivc
Flanning Management
=P
E
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t
)
c
S
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Figure 1.2. Approaches to decision making in a natural resource
system. The appropriate approach depends on the influence
decisions can have on system behavior and the amount of
uncertainty about management impacts (27).

system does not itself make an application adaptive.

A great many resource systems are monitored in some
manner, but in most cases the resulting data are not used
systematically for learning and improvement in a context
of objective-driven management.

More formal approaches to decision making can
be identified, depending on the amount of uncertainty
facing managers and the capacity to influence the system
being managed (Fig. 1.2). In an ideal situation in which
system controllability is high and management impacts
are predictable, formal optimal control approaches can be
used to identify optimal management strategies. If one’s
ability to control the system is limited, hedging strategies
or scenario planning can be useful, depending on how
well the effects of management can be predicted. As
indicated in Fig. 1.2, adaptive management is appropriate
if management can strongly influence the system but
uncertainty about management impacts is high (27).



Adaptive management requires stated management
objectives to guide decisions about what to try, and
explicit assumptions about expected outcomes to compare
against actual outcomes. It is important to know what the
available management options and alternative assump-
tions are, in case the action that is tried does not work as
expected. The linkages among management objectives,
learning about the system, and adjusting direction based
on what is learned distinguish adaptive management
from a simple trial and error process. In the chapters that
follow, we describe adaptive management formally in
terms of objectives, management options, and models
that embed alternative hypotheses about management
responses. But in essence, adaptive management will be
seen to be learning by doing, and adapting based on what
is learned (28). A comparison of adaptive management
with some other approaches to natural resource manage-
ment is presented in Section 5.1.

/.2 Ké‘ﬂ ﬁomts

«» Adaptive management acknowledges uncertainty
about how natural resource systems function and how
they respond to management actions.

«» Adaptive management is designed to improve under-
standing of how a resource system works, so as to
achieve management objectives.

«» Adaptive management makes use of management
interventions and followup monitoring to promote
understanding and improve subsequent decision
making.
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In this chapter we describe the conditions under
which adaptive management is applicable, and highlight
some challenges, limitations, and benefits of an adaptive
approach to resource management.

2.1. Conditions that Warrant an Adaptive
Management Approach

Not all decisions can or should be adaptive. In some
cases there is no opportunity to apply learning; in others,
there is little uncertainty about what action to choose;
and in still others, there is disagreement about objectives.
But the concept of adaptive management is so intuitively
appealing that the phrase has been applied indiscrimi-
nately, with the result that many management applications
fail to achieve the improvements expected from adaptive
management. In many instances, that failure may have
less to do with the approach itself than with the inappro-
priate contexts within which it is purported to apply (29).
An important question is which decision problems are
appropriate for the application of adaptive management.

There is a considerable literature that explores reasons
why the practice of adaptive management has not lived up
to its promise, and extensive documentation of some of
the more prominent failures. But only recently has atten-
tion focused proactively on those attributes of resource
management that make a problem amenable to adaptive

management. The following discussion draws from
published sources as well as the experiences of manage-
ment agencies within the Department of the Interior.

There are two key conditions that are mentioned in
all thoughtful analyses. First, “there must be a mandate to
take action in the face of uncertainty” (12,24). That is, the
problem must be important enough to require action of
one sort or another. Situations without this imperative can
result in either delayed action as more information is
acquired or action foregone altogether. Second, there
must be the institutional capacity and commitment to
undertake and sustain an adaptive program. This condi-
tion includes an institutional stability for long-term
measurement and evaluation of outcomes, which should
allow the early investment in an adaptive approach to
pay off in long-term management. Together, these two
conditions imply that decision makers must be motivated
and patient, that is, they must care about improving
management over extended time frames (12).

In addition to these two overarching conditions,
six more conditions can be identified directly from
the meaning and context of adaptive management, as
described in the previous chapter. Adaptive management
is warranted when there are consequential decisions to
be made, when there is an opportunity to apply learning,
when the objectives of management are clear, when the
value of reducing uncertainty is high, when uncertainty
can be expressed as a set of competing, testable models,
and when a monitoring system can be put in place with a
reasonable expectation of reducing uncertainty.

A real management choice is to be made

As described in Chapter 1, adaptive management
is first and foremost an approach to the management
of natural resources and not simply an opportunity to
learn. Thus, an application of adaptive management must
involve a real choice among management alternatives that
affect resource systems. The variability among alterna-
tives must be consequential (i.e., different alternatives
produce substantively different management impacts),
and the alternatives must be ecologically, economically,
politically, and legally feasible.
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The genesis of alternatives should be multidisci-
plinary and participatory. They can arise from within the
management agency, from scientists or engineers working
for, with, or in opposition to the management agency,
from the regulated community, or from other stake-
holders. Some decisions are particularly difficult because
a suitable range of alternatives cannot be easily identified.
In such cases, a collaborative approach in identifying
alternative actions is especially useful.

Because natural resource systems operate at multiple
spatial and temporal scales and involve interactions
among many component systems, the development
of alternative actions should account for multiscale
responses. One consequence of this complexity is that
several pathways may exist to achieve similar outcomes,
with alternative pathways differing enough in some
relevant aspects (feasibility, cost, public acceptance) to be
considered as bona fide alternatives.

The alternatives considered in adaptive manage-
ment are constrained by existing laws, regulations, and
policies, both substantive and procedural. A number
of substantive laws govern natural resource decision
making (for example, Clean Water Act, Clean Air Act,
Endangered Species Act, etc.). Of the procedural laws,
the National Environmental Policy Act (NEPA) and its
implementing regulations provide considerable guidance
about developing and considering alternative management
actions. An emerging view discussed in Section 3.2 sees
the NEPA process as a powerful and potentially effective
way to embody adaptive management (30).

There is an opportunity to apply learning

A condition of adaptive management is that resource
management decisions can be revisited and modified
over time or that multiple decisions of a similar nature
can be made over time. That is, decision making needs
to be iterative over time and possibly space; otherwise,
learning cannot be applied. Many examples of adaptive
management treat a single management unit (for example,
a single river or a continental population of ducks) over
time, applying the learning derived from earlier actions
to decisions made at later times. But equally appropriate
are situations where similar management units are each
treated only once, and the learning accrued from treat-
ments of some units is used in decisions about how to
treat other units at a later time (31).

Besides iterative decision making, several other
considerations affect the opportunity to apply learning.
First, perhaps obviously, the adaptation of actions must
be possible. That is, there must be flexibility in the

decision making process to adjust management actions
in response to measured outcomes (32). This requires
both flexibility in the actions themselves as well as
flexibility within the management institutions to adopt
the change. Second, management institutions must have
the stability to measure outcomes and use the results at
later times. Adaptive management sometimes has failed
because institutions managing the process dissolved
before the learning could be applied (33). Third, it must
be possible to acquire understanding quickly enough

to apply it to subsequent management decisions. Some
ecological processes respond very slowly to management
(for example, forest systems). If learning can occur only
after observing slow response variables, many iterations
of decision making may have passed before the new
knowledge can be applied.

Ideally the response to previous management
actions can be assessed before a decision about the next
management action is made. For example, the response of
waterfowl populations to hunting regulations in one year
can be assessed in time to inform the setting of hunting
regulations in the following year (34). On the other hand,
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applications of adaptive management in forestry can be
limited by the fact that the relevant response variables
may not be measurable until decades after a management
action is taken (35).

Clear and measurable management objectives
can be identified

An adaptive approach requires explicit and measur-
able objectives. As described in the next three conditions,
uncertainty about how to achieve objectives is what
motivates adaptive management and drives the design
of the monitoring system. To address this uncertainty
stakeholders must agree on the objectives. Although an
adaptive management framework can serve to structure
dialogue among stakeholders, adaptive management itself
is not designed to resolve conflicts about management
objectives. If the objectives are not clear and measurable,
the adaptive framework is undermined.

Objectives need to be measurable for two purposes:
first, so progress toward their achievement can be
assessed; second, so performance that deviates from
objectives may trigger a change in management direc-
tion. Explicit articulation of measurable objectives helps
to separate adaptive management from trial and error,
because the exploration of management options over time
is directed and justified by the use of objectives.

Objectives must be relevant to the project or program
to which they apply. An example of a project objective
might be to increase biodiversity of amphibians by 25
percent in a local watershed. An example of a program
objective is that used by the U.S. Fish and Wildlife
Service for adaptive harvest management, namely the
maximum long-term harvest of waterfowl consistent
with population goals in the North American Waterfowl
Management Plan (36, 37). In both cases, the objectives
are measurable, relevant to the management problem, and
useful for decision making, evaluation, and learning. The
nature and use of objectives are discussed in more detail
in Section 3.1.

The value of information for decision
making is high

The fundamental motivation for adaptive manage-
ment is that the impact of management actions on
resources is uncertain, and the reduction of that uncer-
tainty will accelerate progress in meeting management
objectives over time (34). Although uncertainty can be
identified in almost any resource management problem,
its reduction does not automatically lead to better decision

making. An adaptive management application should
target learning that will change management actions and
improve the ability to achieve management objectives.

The “value of information” refers to how much better
the expected performance of a managed system would be
if uncertainty were reduced. A high value of information
means that the decision maker will potentially choose
different alternatives if the system is better understood.
With improved understanding comes better decisions, so
that success in achieving objectives becomes more likely.
The prospect of substantially improved decision making
justifies 